Background This study aimed to determine the magnitude of volume reduction of the latissimus dorsi (LD) muscle after treatment using only postoperative radiotherapy (PORTx) in patients who underwent immediate breast reconstruction using an extended LD musculocutaneous (eLDMC) flap after partial mastectomy. Methods We retrospectively reviewed 28 patients who underwent partial mastectomy and an eLDMC flap, received only PORTx, and underwent chest computed tomography (CT) 7 to 10 days after surgery and 18 ± 4 months after the end of radiotherapy, from March 2011 to June 2016. The motor nerve to the LD was resected in all patients. One plastic surgeon performed the procedures, and the follow-up period was at least 36 months (mean, 46.6 months). The author obtained LD measurements from axial CT views, and the measurements were verified by an experienced radiologist. The threshold for statistical significance was set at P < 0.05. Results A statistically significant decrease in the LD volume was found after the end of PORTx (range, 61.19%-80.82%; mean, 69.04%) in comparison to the measurements obtained 7 to 10 days postoperatively (P < 0.05). All cases were observed clinically for over 3 years. Conclusions The size of an eLDMC flap should be determined considering an average LD reduction of 69% after PORTx. Particular care should be taken in determining the size of an eL-DMC flap if the LD is thick or if it occupies a large portion of the flap.
INTRODUCTION
The extended latissimus dorsi musculocutaneous (eLDMC) flap is one of the most commonly used methods for breast-conserving surgery (BCS) performed immediately after partial mastectomy [1] [2] [3] .
After partial mastectomy, most patients should undergo radiotherapy. Therefore, consideration should be given to the effects of radiotherapy on the flap, and reconstruction should be carried out with due consideration of the breast volume reduction due to atrophy of the latissimus dorsi (LD) muscle.
In particular, resection of the motor nerve of the LD during surgery, which is performed in order to prevent synkinetic muscle movement, exacerbates the subsequent atrophy of the LD muscle. In addition, shrinkage of the flap due to radiotherapy makes it difficult to achieve symmetry of the breasts.
The purpose of this study was to evaluate the magnitude of volume reduction of the LD after treatment using only postoperative radiotherapy (PORTx) in patients who underwent immediate breast reconstruction with an eLDMC flap.
METHODS
Twenty-eight patients were selected who received partial mastectomy at our hospital and then underwent immediate breast reconstruction with an eLDMC flap performed. Follow-up computed tomography (CT) scans (Discovery CT 750 HD; GE Medical Systems, Milwaukee, WI, USA) using the same protocol were taken 7 to 10 days after the operation and 18 ± 4 months after the end of PORTx. PORTx was performed at our hospital, with a total of 33 fractions and 6,040 Gy (27 cases) or a total of 35 fractions and 6,500 Gy (1 case) (CLINAC IX; Varian Medical Systems, Inc., Palo Alto, CA, USA).
The dissection of the eLDMC flap was performed according to the standard method, and the lumbar fat pad was not included to reduce the risk of donor site seroma.
The procedures were performed by a single breast reconstructive surgeon. All patients underwent resection of the motor nerve of the LD and received over 3 years of postoperative follow-up.
The breast reconstructive surgeon obtained measurements of the LD using the picture archiving and communications system (PACS) from the axial view of chest CT scans, and the measurements were verified by an experienced professor from the department of radiology who specialized in breast imaging. In each CT image slice, the area of the LD muscle was marked, and the total volume was calculated by multiplying the total measured area by the thickness (in millimeters) of the CT slices ( Fig.  1 ). The volume measurements were analyzed statistically using SPSS version 16.0 (SPSS Inc., Chicago, IL, USA), with P < 0.05 as the threshold for statistical significance.
RESULTS
The difference in the LD volume between 7 and 10 days immediately after the operation and 18 ± 4 months after the end of PORTx was statistically significant (P < 0.05). The average volume decrease was 69.04%, with a range of 61.19% to 80.82% (Table 1) . Clinically, over the course of more than 3 years of follow-up, both the surgeon and the patient were satisfied in 26 of the 28 cases. In the other two cases, one of the patients underwent bilateral breast augmentation because of personal preference, and the other patient was unsatisfied with the contracture deformity and received secondary correction through excision, release of the scar contracture, and implant insertion. Fig. 2 presents a preoperative image of one of the cases, followed by a 1-month postoperative photograph (Fig. 3) , and a photograph taken 3 years after the end of PORTx (Fig. 4 ).
DISCUSSION
The statistics of the Korean Central Cancer Registry indicate that 22,550 new cases of breast cancer and 2,353 deaths were reported in 2015, making breast cancer the second most common type of cancer in women (following thyroid cancer) [4] . BCS is frequently performed (62.3%), but the proportion of mastectomies has been gradually increasing in recent years, from 32.3% in 2014 to 36.1% in 2015 [5] . Since BCS is generally performed in combination with PORTx, surgical reconstruction after BCS is usually difficult because of post-irradiation fibrosis, and the aesthetic results are often unpredictable [6] .
Despite the safety and reliability of the eLDMC flap, it is often inevitable for the skin paddle to be exposed to the skin surface when correcting nipple-areola complex malposition, leaving conspicuous, patchwork-like scars on the breast. A critical advantage of the eLDMC flap is that it does not require microsurgical techniques and thereby allows patients to recover more quickly. Coupled with this relative technical ease is the modest frequency and magnitude of short-term complications [7] . Moreover, the eLDMC flap is relatively resistant to the higher rate of complications seen in obese patients undergoing prosthetic and abdominal-based reconstruction [8, 9] . However, after reconstruction using an eLDMC flap, the volume of the reconstructed breast can decrease due to postoperative atrophy of the LD muscle. In addition, it is difficult to adjust the symmetry of both breasts because the atrophy of the LD is further increased by severing the motor nerve of the LD during surgery in order to prevent synkinetic movement. Furthermore, few objective studies have investigated atrophy of the LD, and studies on the reduction of the volume of the LD after PORTx are rare. Extensive research has already been conducted on the effects of radiation therapy on normal tissues, and it is known to affect subcutaneous tissue, fatty tissue, muscle, and other tissue types [10] . Therefore, we investigated the magnitude of the volume reduction of the LD muscle after PORTx.
In a previous study, we found that the extent of atrophy of the LD was about 54% in patients who did not undergo postoperative chemotherapy or radiotherapy [11] . If there is a large amount of LD muscle in a flap, there may be more reduction of the breast volume due to LD atrophy. Therefore, if the LD itself is thick or the proportion of the LD in the flap is high, it is preferable to harvest slightly more than the expected amount. After radiotherapy, if the reconstructed breast is larger than expected, the volume may be easily reduced under local anesthesia. However, if the reconstructed breast is smaller than expected, correction of the breast is more complicated, as it would be necessary to use an implant under general anesthesia. Therefore, it is better to reconstruct the affected breast to be larger than the contralateral side.
In 28 patients, all slices in which the LD was found in the axial view of the CT were measured using the PACS system. The measurements were verified with the help of the Department of Radiology. However, a long period was necessary to collect the 28 subjects of this study because radiotherapy without chemotherapy after BCS was rarely performed, three breast surgeons interpreted the CT scans immediately after surgery and during patients' follow-up, and the timing of imaging was not consistent. In order to confirm the clinical outcomes, the patients were followed up for a sufficient period. As another step to reduce bias, only patients who had undergone serial CT scans at roughly the same intervals (7-10 days after the operation and 18 ± 4 months after the end of PORTx) were included.
The change in LD volume on CT scans after the end of PORTx was statistically significant (P < 0.05), with decreases ranging from 61.19% to 80.82% in the LD volume compared to the CT scans taken 7 to 10 days postoperatively ( Table 1 ). In the previous study of the authors [11] , the LD volume reduction was roughly 15% greater in patients who were not treated with chemotherapy or radiotherapy, compared with a reduction of roughly 54%. Therefore, if PORTx is planned, the volume of the LD should be reduced by 15%. The reconstructed breast in the operating room should be larger than the contralateral breast, and it can be clinically confirmed that both breasts gradually become similar in size due to atrophy of the LD in the reconstructed breast. Clinically, over the course of more than 3 years of follow-up, both the surgeon and patient were satisfied in 26 of 28 cases. One patient wanted postoperative bilateral breast enlargement, using a 165-mL anatomical implant for the reconstructed breast and a 180-mL anatomical implant for the opposite breast. One patient underwent additional reconstruction using implants for a severe breast deformity. However, even after the additional reconstruction, some of the deformities remained, leaving a difference in shape from the opposite breast. She did not want additional correction.
In conclusion, immediate breast reconstruction with an eLD-MC flap at the same time as partial resection of the breast should be performed with a larger flap, based on a consideration of the volume reduction of the LD after PORTx. This study shows that when using an eLDMC flap with excised motor nerves of the LD muscle, the volume of the LD muscle was reduced by an average of 69% in patients receiving only PORTx. Special care should be taken when the LD in the eLDMC flap is thick or the LD occupies a large proportion of the flap.
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